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Abstract. We have obtained new redshifts for 265 objects
in the central 48  25 arcmin
2
region of the Coma clus-
ter. When supplemented with literature data, our redshift
sample is 95 % complete up to a magnitude b
26:5
=18.0
(the magnitudes are taken from the photometric sample of
Godwin et al. 1983). Using redshift-conrmed membership
for 205 galaxies, and the location in the colour-magnitude
diagram for another 91 galaxies, we have built a sample
of cluster members which is complete up to b
26:5
=20.0.
We show that the Coma cluster luminosity function
cannot be adequately tted by a single Schechter (1976)
function, because of a dip in the magnitude distribution
at b
26:5
17. The superposition of an Erlang (or a Gauss)
and a Schechter function provides a signicantly better t.
We compare the luminosity function of Coma to those
of other clusters, and of the eld. Luminosity functions
for rich clusters look similar, with a maximum at M
b
'
 19:5+5logh
50
, while the Virgo and the eld luminosity
functions show a nearly monotonic behaviour. These dif-
ferences may be produced by physical processes related to
the environment which aect the luminosities of a certain
class of cluster galaxies.
Key words: Galaxies : clusters : individual : Coma;
galaxies : clusters of; galaxies : luminosity function
1. Introduction
The study of luminosity functions (hereafter LFs) is a
powerful means to constrain theories of galaxy formation
Send oprint requests to: F. Durret
?
Based on observations collected at the Canada-France-
Hawaii telescope, operated by the National Research Council
of Canada, the Centre National de la Recherche Scientique of
France, and the University of Hawaii
and evolution, and allows to estimate the baryon density
in the Universe as provided by galaxies. After pioneer-
ing work due to Hubble & Humason (1931) and Zwicky
(1942), Schechter (1976) has proposed an analytical form
now widely used, although recent investigations by Kat-
gert (private communication) and Metcalfe et al. (1994)
tend to favour the analytical form suggested by Abell
(1962). The universality of the galaxy LF has been a con-
troversial issue for many years (see, e.g., Oegerle & Hoes-
sel 1989; Lugger 1989; and references therein), and many
investigations have been devoted to galaxy LFs in cluster
environments, since a high galaxy density may favour par-
ticular conditions of evolution, which could be reected in
modications of the galaxy LF. With the determination
of the LFs of Virgo cluster galaxies, Sandage et al. (1985)
have made a distinction between galaxies of dierent mor-
phological types and surface brightenesses. In particular,
they have shown that the bright galaxy LFs are bounded
both at the bright and faint limits, while dwarf galaxies
follow an ever-increasing distribution at the faint end.
The LF of the Coma cluster has been investigated by
many authors, in particular by Rood (1969), Godwin &
Peach (1977) and Godwin et al. (1983, hereafter GMP).
GMP have provided a photometric sample of galaxies com-
plete to b
26:5
= 20:0 in a 2.63 degree
2
eld centered on the
Coma cluster. Rood (1969) noted a peak in the Coma LF
around V
26
'14.7, later conrmed by Godwin & Peach
(1977). Thompson & Gregory (1993, hereafter TG) found
a much less pronounced maximum at b
26:5
'16.5, and t-
ted the bright galaxy LF by a Gauss distribution, as sug-
gested by Sandage et al. (1985) for the Virgo cluster. How-
ever, all these investigations lacked the spectroscopic infor-
mation needed to assign cluster membership reliably; even
TG have complete redshift information only for galaxies to
a limiting photographic magnitude of 15.7, i.e. one mag-
nitude o the apparent peak in the LF. Our new data-
set allows us to constrain the bright part of the Coma
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LF based on spectroscopically conrmed galaxy members
only. A rst presentation of our results can be found in
Biviano et al. (1994).
2. Observations
Using the MOS-SIS spectrograph (Le Fevre et al. 1994) at
the Canada-France-Hawaii Telescope during a four night
observing run on May 23{27, 1993, we observed a total
eld of about 48  25 arcmin
2
centered on the two bright-
est central galaxies of Coma (NGC 4874 and NGC 4889)
{ at the distance of the Coma cluster, 10 arcmin corre-
spond to 0.4 h
 1
50
Mpc. The O300 grism was used to pro-
vide a spectral resolution of 17

A and a spectral coverage
of at least 4000 to 7500

A. Spectra have been reduced
using the MULTIRED software developed by one of us
(O. Le Fevre) in the IRAF environment. The total num-
ber of reliable redshifts obtained is 265. The nal accuracy
in the velocity measurements was estimated from repeated
measurements on the same object in dierent masks, and
comparison with existing measurements in the literature :
we found for 86 objects that the rms velocity error is 96
km s
 1
. Our data and a more complete description of the
quality of our redshifts together with the observing log,
will be submitted to A&AS in the next future.
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Fig. 1. Magnitude histogram for galaxies in the GMP cata-
logue, limited to the central region of 48  25 arcmin
2
. The
hatched histogram superimposed corresponds to galaxies for
which we have redshifts.
3. Denition of the cluster sample
In order to derive the LF of the Coma cluster, we use
the b
26:5
magnitudes of the GMP catalogue (denoted
simply as \b" hereafter), up to its completeness limit,
b 20.0. We restrict our analysis to the rectangle dened
by  1200"x1700", 750"y750", with respect to the
center dened in GMP (
1950
=12
h
57
m
.3; 
1950
=28

14'.4),
where our observations have been taken. After inclusion
of the velocities from the literature (Mazure et al. 1988;
Caldwell et al. 1993) we have a sample of 277 objects with
available velocities in the above-dened central region, up
to the above-dened magnitude limit. From the histogram
displayed in Fig. 1, it can be seen that this redshift sam-
ple is complete up to a magnitude b =17.0, and almost
complete (95 %) up to b =18.0.
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Fig. 2. Histogram of velocities for galaxies in the Coma cluster
central region.
We have dened the sample of cluster members as the
sum of two samples :
{ Sample 1 : galaxies with membership based on their
redshift. In Fig. 2 we show the histogram of velocities
for galaxies located in the above dened central re-
gion, from 1000 to 100000 km s
 1
. There is a main
peak which appears, yet a more rened analysis is
needed to dene the cluster. To this purpose, we have
examined the plot of velocities vs. clustercentric dis-
tances (see Fig. 3), and have selected as cluster mem-
bers the galaxies with velocities in the range 3000{
10000 km s
 1
. Similar ranges are obtained by the ap-
plication of usual methods for the denition of cluster
membership in the velocity space (see, e.g., Girardi et
al. 1993 and references therein). This sample contains
205 galaxies.
{ Sample 2 : galaxies without available redshift, with
membership established using their location in the
colour{magnitude (CM) band dened by Mazure et
al. (1988). The (b   r) colours are taken from GMP.
This sample contains 91 galaxies.
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Fig. 3. Galaxy velocities vs. distances to the Coma cluster
center; the two dotted lines indicate the velocity range within
which we consider a galaxy to be a member of the cluster.
The galaxies with redshift can be used to test the
eciency of the CM band criterion in identifying clus-
ter members. In Table 1, we list in col.(2) the ratio of
the number of galaxies with velocities in the range 3000{
10000 km s
 1
to the total number of galaxies with mea-
sured velocities, and in col.(3) the ratio of the number of
galaxies with measured velocities which fall inside the CM
band to the total number of galaxies with measured ve-
locities, in several magnitude intervals. By comparing the
values in col.(2) and col.(3) it can be seen that the CM
band selects approximately the correct fraction of galaxy
members in every magnitude bin, at least up to a mag-
nitude limit b 19 (see also Fig. 4). Although we cannot
exclude the presence of a population of blue dwarf galax-
ies belonging to the cluster, the fraction of these galaxies
should be small (TG).
Our nal sample of Coma cluster members therefore
contains a total of 296 galaxies. In the same region, and
up to the same magnitude limit, there are 431 galaxies in
the GMP catalogue; 135 of these are therefore likely to
be eld galaxies. This estimate compares fairly well with
the number of eld galaxies predicted by the relation of
Colless (1989) : 9950.
We have obtained yet another statistical estimate of
the number of interlopers in this eld, using the follow-
ing procedure. First, we have computed the ratios of the
number of galaxies with redshifts outside Coma to the to-
tal number of galaxies with available redshifts, in bins of
half a magnitude. We have multiplied these ratios by the
number of galaxies without measured redshifts and found
a total number of 89 objects. Second, we have added to
this estimate the number of galaxies with redshifts outside
Coma (77). The resulting number of interlopers is 166,
which is not too dierent from our previous estimates. We
are therefore condent that our criteria for cluster mem-
bership are acceptable even in the magnitude range where
we do not have completeness in redshift.
Table 1. Colour{Magnitude Relation
mag range
(# gal. 2 Sample 1)
(# gal. with vel.)
(# gal. 2 CM band)
(# gal. with vel.)
b  16 1.00 0.98
16 < b  17 0.98 0.93
17 < b  18 0.92 0.90
18 < b  19 0.72 0.83
19 < b  20 0.25 0.41
whole 0.75 0.79
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Fig. 4. GMP (b   r) colours vs. b magnitudes for galaxies in
the Coma cluster region; galaxies with available redshift are
denoted by x's, and those belonging to the 3000{10000 km s
 1
interval are denoted by open squares. The two continuous lines
denote the colour{magnitude band dened in Mazure et al.
(1988). The dotted line shows the completeness magnitude
limit.
4. Luminosity functions : tting results
We used a Maximum-Likelihood (M-L) method (e.g.
Malumuth & Kriss 1986) to t the dierential LF of clus-
ter galaxies with the following functions and/or their com-
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binations : 1) a Schechter function, 2) a Gauss function,
and 3) a Gamma distribution (also called an Erlang func-
tion) :
S(b) = K
S
10
0:4(+1)(b

 b)
exp[ 10
0:4(b

 b)
] (1)
G(b) = K
G
exp[ (b  
b
)
2
=(2
2
b
)] (2)
E(b) = K
E
(b
E
  b)
a 1
exp[(b  b
E
)] (3)
Two of the most important features of the (M-L) method
are that :
{ it is well adapted to small samples
{ it does not require a binning of the data, at least with
the technique proposed by Malumuth & Kriss (1986)
We use various methods to test the quality of our ts :
{ the M-L-Ratio test (see e.g. Meyer 1975);
{ the Kolmogorov-Smirnov (KS) test;
{ the 
2
test.
In order to perform the last test, we have binned our data.
Notice that for some bins the number of galaxies in each
bin is very small, so that the statistical signicance is du-
bious (therefore justifying the use of a M-L method in the
tting procedure). Our 
2
must therefore be considered
more a \weighted distance" than a real 
2
. The KS test is
a non-parametric test and as such it does not require bin-
ning of the data. While the KS and the 
2
tests give the
probability of rejection of the t, the M-L-Ratio test can
only be used to compare the relative qualities of two ts.
The simultaneous use of these three tests strenghthens our
condence on the quality of our ts. Results are given in
Table 2, where we list the functions used in the ts, the
magnitude ranges over which we t the data, the values
of the function parameters, and the probabilities that the
ts are rejected according to the KS and 
2
tests.
In Fig. 5 we show the magnitude histogram for Coma
cluster members, and the best t Schechter function (we
stress that although we choose to bin the data for graph-
ical purposes, our tting procedure requires no binning;
similarly, the Poissonian error bars displayed in the g-
ures have not been used in the tting). As can be seen
from the gure, a Schechter function alone does not t
well our data (see also Table 2). This is not surprising
given the signicance of the dip at b  17. A Gauss func-
tion is a good t to the brightest part of the magnitude
distribution; a combination of a Gauss and a Schechter
functions gives a good t to the whole magnitude distri-
bution (see Fig. 6 and Table 2). The M-L-Ratio test shows
that a Gauss plus a Schechter function give a signicant
better t to the data than a single Schechter function,
at a 99.55% signicance level. Therefore, a Gauss func-
tion seems to represent well the magnitude distribution of
the bright galaxies in the Coma cluster, while a Schechter
function may still represent the faint part of the Coma
LF.
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Fig. 5. Dierential LF for galaxies belonging to Coma; the
dashed line histogram is for galaxies with membership estab-
lished on the basis of their redshifts (Sample 1). Poissonian
error bars are displayed. A t with a Schechter function is
shown. The parameters of the function have not been evalu-
ated to t this particular histogram but are determined by the
M-L method, using all 296 data-points.
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Fig. 6. Dierential LF for galaxies belonging to Coma; the
same histograms as in Fig. 5 are shown. Two ts, one with
a Schechter and a Gauss function (continuous line), the other
with a Schechter and an Erlang function (long-dashed line), are
shown. The parameters of the functions have not been evalu-
ated to t this particular histogram but are determined by the
M-L method, using all 296 data-points.
A. Biviano et al.: On the galaxy luminosity function in the central regions of the Coma cluster 5
Table 2. Dierent ts to the luminosity function
Function mag range 
b

b
b

 b
E
a  Rejection probability
of the t KS / 
2
S b 20.0 14.40.3 -1.170.06 0.525 / 0.997
G b 17.25 16.40.2 1.10.2 0.253 / 0.506
G + S b 20.0 16.50.3 1.20.2 18.60.6 -0.8 0.4 0.024 / 0.384
E + S b 20.0 15.91.3 -1.20.2 17.00.1 2.60.9 2.00.6 0.001 / 0.262
S 13.0 b 20.0 15.10.2 -1.070.07 0.735 / 0.873
G 13.0 b 17.25 16.30.1 0.90.1 0.004 / 0.759
G + S 13.0 b 20.0 16.00.4 0.80.1 17.22.5 -1.1 0.5 0.004 / 0.589
E + S 13.0 b 20.0 15.10.6 -1.30.1 17.10.4 4.22.4 3.41.2 0.005 / 0.558
Notes to Table 1. G=Gauss, S=Schechter, E=Erlang
An even better t to the bright part of the LF can be
obtained using an Erlang instead of a Gauss function (see
Fig. 6 and Table 2). This happens because of the asym-
metry in the bright part of the LF, which cannot be tted
by a Gauss function. However, the M-L-Ratio test shows
that the signicance level of the dierence between the
two ts is only 88.38%.
The exclusion of the two brightest cluster members
(BCMs) improves most ts, with the notable exception
of the Erlang t. Excluding the two BCMs has the eect
of reducing the value of the Gaussian parameter 
b
from
1.20.2 to 0.80.1. The mainmerit of the Erlang function
is its ability to t the very bright part of the LF. This is
due to the mathematical properties of the Erlang function,
which is an asymmetric function dened on ] 1; limit],
and decreasing slowly towards zero at  1.
We point out that the values of 
b
and b
E
, which
characterize respectively the maximum and the dip in the
bright part of the LF, are quite well constrained; this is not
the case for the values of the Schechter function parame-
ters (compare the results for the dierent ts in Table 2).
5. Luminosity functions in dierent environments
5.1. Coma and other rich clusters
We have conrmed that the bright part of the Coma LF
has a maximumand therefore cannot be tted by a mono-
tonically rising function. We have found that a good ana-
lytical representation of the Coma LF is given by a combi-
nation of an Erlang (or Gauss) function plus a Schechter
function. The LF peaks at b ' 16:3 and has a dip at
b ' 17, corresponding respectively to absolute magnitudes
of M
b
'  19:5+5 logh
50
and M
b
'  18:8+5 logh
50
(we use a mean cluster velocity of 6800 km s
 1
and a
cosmological deceleration parameter q
0
=1/2, yielding a
distance-modulus for the Coma cluster of 35:68 5logh
50
mag, a K-correction of 0.12 mag, and a null galactic ab-
sorption).
The particular shape of the Coma LF has been noted
by many authors (see x1), but these previous investiga-
tions lacked extensive redshift information, unlike our cat-
alogue which is 95 % redshift complete up to b = 18, i.e.
almost two magnitudes fainter than the maximum in the
bright part of the LF. TG have recently performed a de-
tailed investigation of the Coma LF, using a Gauss and a
Schechter function to parametrize the LF. Unfortunately,
it is dicult to ascertain the consistency of our results
with theirs, since the values they nd for the function pa-
rameters vary from t to t (possibly because the tting
technique they use, a standard nonlinear least-squares, is
not well adapted to poor statistics).
A similar shape of the LF has been reported in Shap-
ley 8 (see Fig. 7 in Metcalfe et al. 1994), and in Abell 963
(Driver et al. 1994). We have tted their data with a
combination of a Gauss and a Schechter function, and
found that the parameters of the Gaussians are very
similar to those of Coma; in Shapley 8 we nd 
M
b
'
 19:6 + 5 logh
50
, and 
M
b
' 1:0; in Abell 963 we nd

M
b
'  19:3+5logh
50
(using an average colour (b r) =
1:8 for the galaxies in this cluster), and 
M
b
' 0:9.
5.2. Virgo and the eld
In order to compare our results to those found for the
Virgo cluster, we allow for a dierence in distance-moduli
between Coma and Virgo of 3.68 mag, a K-correction dif-
ference of 0.10 mag, and an additional 0.3 mag shift for
converting isophotal GMP magnitudes into total magni-
tudes (TG).
The LF of the Virgo cluster galaxies has been stud-
ied in detail by Sandage et al. (1985). As shown by these
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authors, the bright galaxy LF in the Virgo cluster is well
represented by a function bounded both at the bright and
faint ends, and looks similar to the bright galaxy LF in
Coma (but see Capaccioli et al. 1992). However, the to-
tal LF of Virgo bright and dwarf galaxies looks smooth
and monotonic : there is no dip in the total LF, neither
for galaxies of all morphological types, nor for early type
galaxies only. This is due to the fact that in Virgo, there
is quite a large magnitude superposition between the LFs
of bright and dwarf galaxies.
Let us have a closer look at the dierence between
the Coma and Virgo LFs. A cluster LF arises from the
superposition of the LFs of Es, S0s, and spirals, and of the
dwarf LF. The Gaussian tted by Sandage et al. (1985)
to the Virgo Es and S0s, has a signicantly fainter mean
and larger dispersion than the Gauss LF in Coma (the
mean is 0.7 mag fainter, and the dispersion is 1.7 mag,
instead of 1.10.2 in Coma). The Virgo spiral LF is tted
by a Gaussian with a yet fainter mean and comparable
dispersion (1.5 mag); in our sample of bright galaxies (b 
17) the fraction of spirals is less than 10 %, so the Gaussian
part of the Coma LF is populated almost exclusively by
Es and S0s. Finally, the LFs of the dwarf galaxies in Virgo
and Coma start at roughly the same absolute magnitude,
which correponds to the dip in the Coma total LF. Being
broad and peaked at a (relatively) faint magnitude, the
bright galaxy LF in Virgo largely overlap the bright end
of the dwarf galaxy LF, so that no dip is produced in the
total LF.
The eld LFs for dierent morphological types have
been recently obtained by Marzke et al. (1994), who tted
them with single Schechter functions over the whole mag-
nitude range. Whatever the galaxy morphological type,
there is no dip in the bright part of their LFs. Since they
made no distinction between bright and dwarf galaxies,
it is impossible to say whether the bright galaxy LFs are
close to Gaussian or not. So, the absence of the dip in
the eld LF may be ascribed either to the same kind of
eect present in Virgo, i.e. a large superposition between
the bright and faint galaxy LFs, or to a real dierence
in shape between the bright galaxy LF of eld and clus-
ter galaxies. It is also possible that errors in the absolute
magnitudes of eld galaxies are so large that small fea-
tures in the LF cannot be detected (Marzke et al. 1994
use magnitudes from the catalogue of Zwicky et al. 1961-
1968, and assume an unperturbed Hubble ow to convert
from apparent to absolute magnitudes).
6. Discussion and conclusions
We have shown that there is a bump in the bright part of
the LF for galaxies in rich clusters (such as Coma, Shapley
8 and Abell 963) which is seen neither in the LF of a poor
cluster (Virgo), nor in the LF of eld galaxies. The pres-
ence of a bump in the bright part of the LF may therefore
be related to the local environment.
Galaxy formation may be dierent in dierent envi-
ronments (nature point of view). In particular, the bi-
ased CDM theory predicts that brightest galaxies would
be formed in the highest peaks of the initial density eld
(e.g. Frenk et al. 1985), and therefore would now be pref-
erentially located in the central regions of the richest clus-
ters. A systematic eect of luminosity segregation in the
galaxy clustering is therefore expected, in particular for
galaxies brighter than M

, the magnitude corresponding
to the knee of the LF (Valls-Gabaud et al. 1989). However,
CDM with a value of the bias parameter much larger than
unity is not consistent with the results from COBE (e.g.
Wright et al. 1992; Myers et al. 1993).
Alternatively, the LF may be aected by environment-
driven evolutionary eects in the galaxy properties (nur-
ture point of view).
Enhanced star formation (generated by e.g. tidal ef-
fects) may increase the luminosity of galaxies in the cen-
tral regions of the cluster. An early-type galaxy seen 1 Gyr
after a burst of star formation would have 50 % of its vi-
sual luminosity produced by newly formed stars, and yet
have an almost normal colour (Charlot & Silk 1994), so
it would not deviate substantially from the average CM
relation. However, such a recent starburst would enhance
Balmer absorption lines, an eect not seen in the spectra
of most galaxies in the central region of Coma (Caldwell
et al. 1993).
Merging of galaxies may contribute to increase the
number of bright early-type galaxies while decreasing the
fraction of spirals. BCMs may be the extreme outcomes of
this process. FollowingMamon (1992), merging of galaxies
in cluster environments is ecient at the present epoch,
and roughly 60 % more merger events are expected in the
central region of Coma than in Virgo (this estimate de-
pends on the galaxy densities and velocity dispersions in
the two clusters, see eq. 6 in Mamon 1992). The merger
rate of bright galaxies can be increased if these are slowed
down by dynamical friction, a process which should occur
on a three times shorter timescale in Coma and Shapley 8
than in Virgo (see Table 3 of Biviano et al. 1992). In the
merging scenario, BCMs would share a similar origin with
other galaxies in the bright part of the LF; it is not sur-
prising then that BCMs t into the Erlang-shaped LF of
bright galaxies.
It will be interesting to verify if galaxies belonging to
the Erlang part of the LF are morphologically dierent
from those in the Schechter part, and to compare them
to the two populations of elliptical galaxies quoted by Ca-
paccioli et al. (1992). Notice that for these authors one of
these two populations has undergone merging, while the
other has not. The photometric eect observed by Ham-
abe & Kormendy (1987) may be a signature of the rst of
these two populations of galaxies.
In a forthcoming paper, we will investigate this hy-
pothesis, based on our photometric data in the V band,
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complete to a magnitude V
26:5
22; this will also allow us
to constrain the faint part of the Coma LF.
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